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1. 
What is Proton 
Radiotherapy? 
3 
Radiation 
Treatment 
▹  Energized Particles 
▹  Cell Damage 
▹  Amount covered vs 
Risk 
4 
Protons vs 
Photons ▹  Mass ▹  Charge 
▹  Bragg Peak ▸  Extended Bragg Peak 
▹  Organs at Risk (OAR) & 
Accuracy 
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2. 
IMPT: SFUD vs 
MFO 
6 
Single-Field Uniform Dose 
(SFUD) 
▹  Homogeneous dose 
▹  Dosage distributed evenly 
across beams 
▹  Beams optimized individually 
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+
Multi-Field Optimization 
(MFO) 
▹  Single-field restriction removed 
▹  All beams optimized 
simultaneously 
▹  Better avoids specific areas 
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A B C
B+C 
A 
SFUD/MFO Matching 
▹  Combines SFUD and 
MFO methods 
▹  Usually done by hand 
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3. 
Research Focus 
10 
” 
How can we evaluate 
proton treatment plans 
based on the degree of their 
optimization? 
11 
4. Approach and 
Process 
12 
Differential Dose-
Volume Histogram 
(DVH) 
Graphical presentation of 
volume given specific 
amounts of dosage 
13 
Typical Traits 
SFUD 
▹  Identical Beams 
▹  Single peak/beam 
▹  Tall peak at end of 
graph 
 
MFO-Matching 
▹  Beams may match 
▹  Peaks in front or 
closer to the middle 
MFO 
▹  Beams don’t 
match 
▹  Usually 2+ peaks/
beam 
 
 
14 
Important Factors 
▹  Number of “peaks” 
▹  Distance to end of 
beam 
▹  Absolute difference 
▹  Width at half-height 
▹  Slope 
 
  
15 2 Peaks 
Distance 
Width at half-height 
Scaling 
Increase 
▹  Slope 
 
  
16 
Decrease 
▹  Number of 
peaks 
▹  Distance 
▹  Midwidth 
▹  Difference 
Plan starts at 100% SFUD 
5. Results and 
Further 
Discussion 
17 
Data Collection 
Patient 
Number Rank Peak Slope MW DtE Diff 
1 0.000% 3 -1.3315 9.096% 33.93% 88.19% 
5 9.517% 3 2/3 -1.7429 2.648% 46.45% 57.74% 
11 20.07% 3 -1.7848 1.627% 25.15% 58.91% 
21 30.39% 2 -14.34 2.474% 36.95% 44.6% 
29 42.21% 1.5 -3.6143 3.031% 5.128% 21.42% 
31 53.49% 1 -1.9974 3.682% 46.41% 15.3% 
32 61.72% 1 -2.8183 3.100% 34.77% 6.43% 
36 76.40% 1 -2.1068 5.714% 11.11% 31.31% 
38 81.21% 1 -3.952% 5.712% 6.500% 34.21% 
42 90.51% 1 -5.7655 2.445% 4.639% 21.12 
49 98.56% 1 -8.0372 1.421% 2.632% 5.60% 
18 
Rankings vs Type of 
Treatment 
Ranking Range Treatment Area 
20 - 30% Breast w Expanders 
40% Head/Spine 
60 - 80% Prostate & Nodes 
75 - 90% Head/Neck 
90-100% Prostate 
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2 Beam Plans 3 Beam Plans 
2 Beam Plans 
Use and Further 
Research 
Planning 
▹  Determining optimal 
treatment plan ▹  Minimizing risk factor 
associated with plan  
Clinical 
▹  Degree of accuracy in 
patient/beam 
positioning 
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21 THANK YOU 
TO 
Questions? 
Steve Laub & 
Adit Panchal 
Medical physics team, 
Northwestern Medicine Chicago 
Proton Center 
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